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BACK up 


B/vr-reP-ics 
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f X UJONDE & LOHAT <H\S 
H ANGLE 1 *, T=od? 

Ann i It unstick* 
the Rolled, an d efts 

Me: CHANGE DIRECTION 

e.vEf^j so often. 



LUl'f'rt THE AID of THIS STREHQE DEVICE, 

Archie CAM dEAcaJ GEODESICS 0 m a surface. 

U^'NQ THESE GEODESICS, HF cAN t>R.AU) 

'TatAtiGfLzs: j ^ 



ft SURFACE is A 2- DlMEHSIOAML Space. -r«ftT is, you. men Two 

AMM&EKS_ r(06 COORDINATES - TO 5 P£OF/ THE POSITION of a Po /NT. 






Lessee ... if the space is EUCUDE7W t men/ rue sum 0 f 
TWE ANGLES OF A TEJANGjLE is 1*20°. 






OOHeR) rH 5 SPACE H 45 ne^ativ/E 

curvature } the sum is Less 

THAN 1^0° 

T/V A- SPACE oF POSITIVE CURVATURE, 

its QRgPrceR than l%0° 


\ 


&+*jS 


<= 130 


SPACES WITH 
VARiABLE CURVATURE 



-^^T|eR£^s the cuNNirJq /njventoR ujit^ 
His NEU> BRAlNCHI l-D , T he CUR.VI MUTTER. 
IT's /MADE E/50M -THREE FLEXIBLE 5 T ’Pi PS 
LOHICH CAN 'TUJeN Ff?E 6 LV ABOUT THREE 

giv/crs 4 ; E y amp C. 


a > 




W / To Find THE LOCAL \ 

X CURV'ftTaRE' rr suffices to 
/ z_Ay the cuR-ViMETe/e okj the 
surface and measure the 

ANG,lE5 UJITH -the Bu.nr - in 
PP.O'TP Actors. / 


POSITIVIC cuAVAIUpE 


Ne^flTIVE CURVATURE 


($ FoR- FuATHe* DETAILS / SEE H^E'S LOOKlNHq AT EUCJ-lD «N THE SAME SERIES. 



THIS . BUM P / KJ TLANZ IS AMPS' FRAM A C EMTZPtL AECjioN OF /°05/T/l/C 

CUM*ru.K£ j 5U^OUAJPEJ> By A REGION OF NE§ PftWF CM ftVATta*?^ . 



/ / of ’^X 

/ [ (..; ^xr/vff 

/ l X*; 

( OF cu*i//mu?£ 

OF 2^Q^czrgi ^ rugg — ' ^ 


&V8K 


o. • * .*:• or 
•Qj . • . : • w 
i. *vW 



^ CeiKEYj IF ^ tirj'r' 
n'ir's A 
bunkin'* TORUS, 



From T\\e pb/wr of i/ieuj of 
C qg.V'A rg.gg , A DCfOT /s jusf UKE 
A Bump . 



^Sm a V/RGjfO /Ay SELF . . . 

OH, X SEP. >^5, THEtfES fl 
BAWD OF POSITIVE - CU£vAtu.*?E AnP 
A Ban p or nIE6,ative curvature, 
separated gy a frontier 

^S*- H-AV) NJG) ZERO CURVATURE^-- 



"to FiNP THE FRONTIER, WAKE A 

ToRUSBUtfqeR us/Ng, two planes 

fiOR SurVS . 


''Tiaesias , Ou> Fru.it, 'As it gveft 
STRUCK y&^ TROT yg.R SHELL 1 5 TOST 
A TWO" D( MENS I O/V A L SPACE UJIV 
VARIABLE CORn/VTUPE j P , 


U\jNyj stop 

BLUING, -fi^ESlAsl 




CONICAL POINTS 


You'll 500 n seF , A-rchi£, that 
THFRF ARE E\J£N THlMGfS. 


/''i Buzz: off , T/Resi*5^ir~'^x 
5£f\/se A 'Thirst r>r. K*iou)U cd§f 

v coMiMe, oPorJ Me... ^ 


60 a it foR n, . — ^ 

i^4— _ ^ 

U/A"fCH, "TlRES/AS — ± M qoiRlG, ■To DR Au) A G,F-iE> ON 
“THC SURFACE By MESH/NCj $ 60 D£S|CS. T'hAJ > lL G^IVE ME 
OF TRIANGLES. 


f ' Typical — /Archie’s mesh/mc, 

V about ag,a/n| 

oV— T^r 



/, x>A 


HEAPS 



Oh Lord, £ canj'f see what's g,o//u^ 
AT Att! OJhATS WAPPEVirJe, ARoUMD this 
PO/NT P ? 


"THE comwjkj^ /nvfnjtoR 

HAS FoRC2)OTT6K/ *FO U5F HIS 

curvi meter . 



HeY , Sophis — ujhat 5 <5oi'oe» on Y Xf r he cufiviHie-reft's ^ 


Does*) r ca*ttf\iN rne po/wr rr sftys -rwe 

Ct/tfVftTatfF /s r.e«o. 



Bur /f P is /Kistp g 
THE ftflftN^LF, -fHet\j the 
SPACE IS CURVED I 


Xr*s a CONICAL Point, Look - Suppose X rw*re ft 
Plane } cur oar ^ s Ecfoft ujith an$ lE ©, *wd :to/n it 

UP AQAISJ. 




X SET ft KIND OF CONE, 
WHICH DE\l CALL ft 

POSICONE. 



A+B + C=ISO°+ 0 



You TEST ir our WITH A flECF OF CftKD BoA^D. 

A Roll of 5-tickv Tftpe will. helf you. find g^eopesics 

Basil.'/, 


Oh, X S ££ l Xf mi contains rue rip of a coa/e 

-rneN thc siMi or rue anc, les is alums greater. -than I' 80°. 




Do A) 1 TELL /M£. 
yei^ ^crs /i 
Bunkin' 1 

_ negacone. 


/Hold you* horses / X r' 5 wor rHPT 
simple 1 Suppose- instead X slit the 
Plan e anp App. a sector dpTH Anj$l£ 6 



|HI5 Tl/WE ; / f= the TR.I ANG)LE \ 

CONTAINS The POINT P } THE ANC,l£-SuM 
WILL BE l%0° ~ O , 5MAU-EZ 


THAN ISO 


Burf if The point is olctSj_de 
the T£)A W^lE, THE SuM IS /SO 
AO,AiN. 


■"This PRopeiery of comes is independent 
of the size of the triangle : you get the 
same Result whether it's la ae,e or s/yiau 



o 








mmm 


"Taket f \ PLANE surface and Rule 

IT UJirH ^EODES/CS TO FORM F\ RzqulAR 
squAftz G,ieiD. UJf say that the surface 

H/AS B FEN Tl LED tOITH IDENTICAL- SG^uA-KES 
iF we wlw'u) At P/vTH , 0 R. “TR ATECTO RV, 

that cuts each successive squA«E at the. 
SAME AkJS) lE ^ THEN THL5 PATH WILL AOJAV5 

Be a qeopesic on the surface. 

T^ut- 



HEADING 


r»i 


3 










NoiO I excise 
A sector of ISO, 


O/O 






Ok/ -This CjoNE > ver 
q\rs> A h^anc^lE-suM of 


300’ 


■-—! a 


ftM 



i/YiruEs the t you can prruo oN {T / 

USING) G)£OC>eSlcS ^ fit T&ia n)G)LE HPiVltiG, "THREE 

angles of iQj .0°— that is, OBTUSE. 





/}fv/D I'T STILL closes UP 


? Tw 


ATS UJEIRD 



^ Seems <0^ met, \ 

'fiRESIAS, that: you RE fHe 

one loot’s H'oerusE / . 



O^J THIS CONS y<3U C AN T>RfM BIAN/GLCS, 

The ANQLE-SUAN 15 120 °. 



’Old it [ yea Lossr we... ' x \ 

F(R5'T iT WUZ T^/AMG)LES. War it's 
blinkin’ BIAN^LES. VVoxzir 0|OrvNA 8^ 

NEXT? MOK/CAN^LES ? 

V T 



Z' A 

A + B 


The coNe ; 

Viewed FtfoM above 


Tt’s OK; THEy 'ft E 

ALL POLYGONS. 





TOrs/ tHL PLANE: c A 

The an^le -sum of a 

- Triangle is l?0° 

- QUAPRl lA-TERAL IS 1^0° ■+ I 20 0 = 3 (oO° 

- P£NrAE,0K/ is 1^0° H- IS0° 4- 120°= S^0‘ 

/^And for a BiangilE^ which reduces 
V " r ° A LINE SEGMENT. -THE sum |S zeRO 



... 


T-/VI g,oin' 

boNKeas. . 








kIolo you see the 
Point of n\Y remark. 


Are you. rR.y/N^ -her needle me? 

^ 

' (Oh goc.A 


TO 





Another u/AV to propucE 
-the riuN^s that Archie 

<^OT IS TO STRETCH SoME 
FABRIC. 


ReMCVIHQ almost ALL- OF THE PLANE AND Apply/ N<3 i 
TH/ 5 PROCEDURE lAJ REVERS^ you. 5 gT TH/S A PATTE£N/ 
U|KF MERIDIANS AND PARALLELS. . . 


A .2, 

3 »► 

E> 



a 




n 

1 a ' 

t: 

1 C 5/ 


£ 




... AT A 

POLE , 


Pole is ujHats left iohen You. take everyth ins eise AioAV. 

A CjONICENTRATe.D curvature OF 3feO° OF COURSE, -THE 
Earth's poles a ren't dike that, because you- don't have to 

. STRETCH THE SUR-FAce -ro SEE "THE PATTERN. 







MEASURING 

CURVATURE 


A/ZCHI& SEEM 5 TO QS 
PLfty/fiJtS) A CROSS BETUJEEN 
dominos and hopscotch. 



f RmMM... PeNHSYU/HnIA Aven/u- 


The object of -the came is to 

CDMPLeTELV SURROUND f\ POINT OF 

concentrated curvature u>iTR 

SQUARES^ REEPiN^ THE DIRECTION 

of the arroiO the same from one 
To the next. Men you. e,o all 
THB aJAy Round P, T>l£ ANCjLE 

TRR0U.6H WHICH THE ARROW) 

Has "TURNED ^U/F 5 A DIRECT 

Measure OF THE curvature 0. 


Some examples : 

Plane, cylinder, 
cone C*ot surrouwdinq 
the tip} — 

Curvature 2.6R0 . 



PosiconE +- 0 O' 


<5o once Round the- point in any Direction. 

iF THE ARR01O TURNS THE SAME uJAy, you've COT A pasiCdNE 


'The other wfl y, awo youVe ejot a nec^ ative one. 



(^E U. MAKE SOME NEARLY FLAT PCS, CONES, EACH CJtTH A VERY S^LL ^ L£ q 
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'fHZu I'll 
$LUE -THEM 
TOC^eTHtR . 



Atoms of curvature , 

SO To s PEAK. 



\ ) 


m 

=— —-a ^ 


OR.Au) "TRIANGLES MAOF FRoM ST/CKy^TBPE 
GjEOOESICS . 


'The- ANG^LE- SUM of A TRlANG, LE EXCEEDS IS 0° By an AMOUNT 
EQUAL. -TO THE SUM OF THE ANGLES op T HE ELEMENTAL COMES 
LOHOSE PEAKS ARE CONTAINED i n THE TRl ANEfLE . 

TAjl, 


/\ curved surface^ in the usual sense of 
T HE P HRASE, CAN BE THOUGH T OF AS A VER V 

LARGtE NUMBER OF Tihiy MICRO CONES, GRILLED 
•TC^EfRcR . — — 


/"You Cf\N ALSO JOIN TOGETHER. NECjA CONES , 

OR. A MIXTURE OF PoSICONES AH D NEG,acoNES . ^"'\ 

%N THAT CASE j THE ANCfiC'SuM OP A TRiANC,LE LOLL L 
BE /30 ; Plus THE TOTAL AMOUNT OF CURVATURE 

INSIDE IT f COUNTED AL^e&RA ICAlLV C PLUS FOR- 
v FOSicokiES flfvD MINUS for NEAACoNEs). S' 










here's the same object, with the 

N£G,ATivE cuftvATu^E SPREAD OUT 
bi/enlv. Its /hade </p prom siyr/ 
Memo RTHO^oNS . 


A S 1 XTYHEDRON 


, VER MI^HT 


Looks more like a 

veRTe BRA OF >Wv £XT/NcT 
^DODgCAHED£ODON -ro ME> 



/: Xf yotoR ^°B ums To lav tiles, N 

AND you.R TILB 5 Were hexA oRTHo ^ oN S I'tfftl’S 
THE SHAPE OF FLOOR you'o g,ET. 




^^VOU. KNOUij K\ E OLD DuCjT^X^ 

hL-t's just struck we. ti/at By 
Performin' a bit of GtENSTlC 
H 'eA/<s yNECRiN 1 ON a SNAIL, 

VeR could h'+rrange for. / 


shell ro 8 <r . . . 


Mercs a ^ood example: of 
the tofty THe DisrjejsuT/oA/ of 


OURuAraRE DEIER-MUNES THE SHAPE 
°F AH OBJECT ^ 


f#/ 



A 'X 

U<5H I fL HJ NASty! 


THREE DIMENSIONS 


SopH»E, IS THCRE AIT/ DAY TO sec 
CURVATURE iM ouR U5UAL SPACE OF 

-TH REE_ DIMENSIONS? 


It’s difficult, because 

You'Re uViN<^ iN '“T- 



Owe way -to picture 

THE CURVATURE OF’ ^ SURFACE 
IS TO PROTECT ITS 
GEODESICS ON TO A PLANE 


Thi5 ^BumP ' corresponds to 


A CONCENTRATION of positive 


cuRv ATtLRE SURROUNDED 8V A HALO 

OF NEGATIVE CURVATURE. iTS AS 
PLAIN AS THE - ER - BEAK oN 

\ YouR. face . Lenny X X 7 7^ 



Nolo, take a look AT THIS CUBE ; 

A Li- TIED UP WITH STRING,. 



By fiTT/nq together 

EiqHT OF THESE CUBES, 

we $er the projection 

WTO -THREE" DIMENSIONAL. EUCLIDEAN 

5PACE (HAVING, ZERO CURVATURE) OF TNG QCODESICS IN 
A PIECE OF A THReE- DIMENSIONAL SPACE, /N UJHICH A 
REGION oF POSiT/l/E CuRvAtu-R E /5 SURROUNDED gy ft 
HALO of NEGATIVE CURVATURE. /I JflREG -DIMEAJ5 ION**- BUMpJ 



YOU- THINK OF THESE GEODESICS AS THE Tf? AUECI'OR I ES of a 
MOVING* PARTICLE ^ it APPEARS TO UtJDBRQ 0 FI AST A REPULSION } THEN AN 
attraction, and then a repulsion a^ain, 
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PROJECTIONS 




[]” Mb 55 nn 

'T'l 

— ' 

PPn 

jj~[ 






TRyiN ’ 

TO 

tell ME 


DeR IDEA Ar DER BASIS OF General 

relativity is to replace mass By 

LOCAL VARIATIONS IW DER CUR FATuRE 
OF SPACE . 


THAT MASS iS A BUNK IN 1 ANEjLE ? / 




Hi hi ! PuT ME DOWN 

FOR 



PROVIDED VOU. MEASURE MASS AS A KiNt> 



OF CONCENTRATED cuRvatilRE. 




Ley me check I've <50 r all -this syaaig,ht, 

MR. AlbeRY. You'Re sAy/wq yhat bends in 

TRAYECYoRiES, CAU5ET? 8/ FOftC£S, ARE GefiU-i 
3UST AN EFFECT OF YHE PROTECTION , /NTO 
OUR USUAL LJORLDj OF A (JEOD^SIC TRAJECTOfzy 

on some o-rneA surface. 


/More ruddV metafiz'ucks 



No . JUST qeoMETR/. 




X <^lF 1 you. AN EXAMPLE. IMACHin’ VOViRSELF ro 
BE IN A SPACE CAPSULE ) ;N ORBIT AROUND ^R. 


ZAR'fH . 


Oh ec< 


i 





"As FAR A5 1 CAN TELL, 'THIS TH IN<q SEEMS To B€ ^X 
BUILT FROM Tioo TRanS PARENT SURFACES, ujiTH Lots OF 
FOLDS AMP DENI'S , BOTH EXACTLY THE SAMlf A-nP - 

LV/NC) PARALLEL -TO EACH OTHER- 


PAT PERMITS WE TO 



SHOOT DER TlNV MARpLES 
BETWEEN DEM And OBSERVE 
DERE TRAJECTORIES. 




''The tRatectoRi es do not 

DEPEND ON THE 5PEED ^ 
BECAUSE TH/S IS DEEMED 

to be constant throughout 


THE' MOTION. 


HM 




-rJh.jSs^ 




a In VUST pis case, 

sW (f FOLLOWS DAT ALL 

/ V .V Possible trajectories are 

GEODESICS. CIf we deren't 

j WEIGHTLESS, as WOULDN'T BE 

\ DER case.^ 


Oh, look: the lamp is projecting* 

THE TRAJECTORIES ON) TO TH£ FLOOR. 
OF THE CAPSULE/ 



Anyone coho could only see dbR shadows would th/nk dat 
PER objects moofing, in deR Plane were affected By A 
FIELD °f FORCE'S. BuT Really it's All due to d€R 

CuRFATaRE OF DER SURFACE. 



So when T observe the Pat* of a come-t a-round the sun, 

/MAG,|NlNe, THAT /r!s TAKING, PLACE /N fit THREE- D/MENS ICNAL. EucUDEAN 
SPACB , ullTHOUT CURWATU.RB / IN FACT THE COMET IS FOLi-OW/MS A GjEODESIC 
iN SOME OTHER SPACE , (aJHERE it's TRAVELING • • - straight ahead?/!! 


O' 

/ o 


IVe see only the shadows of Reaut/. 



Light fulofws ^ 

M FOLLOWS A C CODES I C j TOO , 


That's a ve^V Platon/stic 

SENTIMENT PER A SNAIL, 

Ti Rest AS OLD BEAN. 


The only ljay To 

<q 0 is STRAIGHT. 





Y”Vnouj , 'THey’se funny this's, -these' 
CjeoDesics. eCf you. protect THEM /N A 
t>IFFe«ENT DlRec-r/oN ; THEY don't ^oRK . the 
^ SAME U>Ay AT ALL 1 . 



T'PESIAS ! 



NASS and MATTER 



We. U5UALLV THlNK o f SPACE N EAR 
THE 5U/V AS B BlN<q FLPTf. BixX IN 
fact ) because of its larc,e /mass f 
THIS STAR, represents A CERTAIN 

amount of cuRVATutfF • BuT BECAUSE 
THE SuN's MASS ISN'T CONCENTRATES 


AT A ?o/NT i (AE-'u- THINK Op THIS 
RFC) ION OF SPACE AS A 
L y SMOOTHED ' OUT CON E . 


///.' • 

'/TMhKM, 

// o&rscrxy 


observer 


VgR.y MASS/^E OBJECTS CAM CURVE SPACE TO 
5MCH A*/ EXTENT THAT AN OBSERVER CAN SEE TWO 
IMAGES AND T a OF THE SAME STAR E. TA/S 

FEFEcT, KWOuW As a G £ A V ITfiTiONA L LENS ; 

WAS RECENTLY been OBSERVED /n U^HT FROM QUA5AHS. 
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The amasses of atoms and pa rzricLes all. 

COWTRlB U-fE TO THE GENERAL CURVATURE OP 
The aNiveiesr. 


So MASS has a 
Geometric SIGNIFICANCE". 



ANG ON,, Wcrr ABA AT 
8 ET|VEeN TH6 ATOMS ? Th€R£5 

^ hilffin'* THERE ( , 


T loi^ST the 
THREAD AG*AiN' 


NouJ my dgar. fellow, haven’t you. 
HEARD that the old opposit/on between/ 
MATTER and the VOIP /s totally 
OUTA tODEP 7 The OMLY TH'/vJG, 

nowadays ^ geometry. 





Wot Abaht n/EQACONES, 

saaaRt aleck? 



"Those contujpe o.p thg 

/£>Eft OF N/£<q AT* AlASSj' PRoOUC/NQ P\ 

Repulsive force. A universe full, of negative 
MASSES WOULD BE VERY PECULIAR. INSTEAD op 
QfiLRXieS, -THERE WOULD BE ljOTS oF BUBBLE'S — ENORMOUS VOIDS, Tn FACTj 
-THE MAT.S of THE qflLAYlES 
SEEMS TO BE DISTRIBUTED 
like -THIS j FORMING a ST RANGE 
cellular. Tissue ■ Each cell 
is About 20 0 million 
u^ht- years across. 



PeRHPi?S GRAVITATIONAL EoRLES BECOME REPULSIVE AT A VERY 
LAP-^e DISTANCE. 
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POLVNEDRA 






Nou jj A&cHie: AENiEMeeR. tnat you. c/w 
fXoDi+ce geopesics ON A surface" u^/ng, sT/cxY 
■tape 7, U/hat happens if y^u. 8ENt> -me 

V 5URFACF ■? 



XF you BEND -THIS \ X 

CONE C9 = 90°) the geodesics \ 
don’t change. CXhe si'ick/ tape 

TU5T BENDS tOl-TH THE SURFACE .") 

Xn pact you can fold it to 
Err PEieFecrLy oveA the corner 

OF A CUBE. 




I ‘SlNWLtMlM, you CAN AlAKE THREE FOLDS 
IN this cone C6= ISO°) so -THAT ir 
FITS OVER- THE CORNER OF A 

v ftEGucA A TeTAAHEDAoN, 



SPACE MUST BE 
OPEN OR CLOSED 




&GHT cones (0 = qo*) Four clones (q- = |?o a ) Twe^-ry cones (ie* 3t°) 

CAN/ BE USED "To fn/v<£ CAN BE USED To MARE CAN BE USED TO MAKE 


A CUBE. 

90° x £ = 720' 


A Te^AHeDdoW. 

/?0‘ * 4 - 72.0 


A DODECAHEDRON/. 

36) 0 x" 2-0 = 720 


So ; if X nr ro^Ernen in a aeQuoAR 

A CAR<SE NUMBER A/ OF MICROCONES ujITH A 
SMALM- CURVATURE 6, I <^UESS THAT LuHEN 

Nx 6 = 720 0 t: cc cj et A - SPHERE! 


You'p grpbct that because 


THE 


A SPHERE IS 73.0 . 
j^^Now come out of 


THCR'E' , you CLOD. 






On A SPHERE, THE CURVATURE 15 UNIFORMLY DlSTR IBUT&D So THE 
SUM OF THE ANGLES OF A 'TRIANGLE DRAlUN oN A SPHERE ,5 E Gl UAL TO 

ISO” 4- 7£0°x^- we/je s is rue am* of w rei^Le and S 

THE A/?EA OF THE SPHERE. The SECOND TERM 7^0% ■§* REPRESENTS THE 

AMOUNT OF CUftVATURET contained in THE triangle (jj<) 

© TJu^ 

For example, -this TRifl-MqiE 

/ / / v. i : ; \ \ TAKES up ONE E’l^H'FH of 

’ fy\p'V-4J THE surface of a SPHERE, AND; 

= ^o°+ -^°= 27 °° 

\\ \ // WHICH is CORRECT St^C-E Aa THREE 

<T XV \ / /V' AN&LE? ARE 90° 




Staegekin ' / 




tTn deR. SAME CHENERAL TIME 
OF IDEAS j IF OER. MINIMUM DENSITY 
/N OU.R THREE' DIMENSIONAL SPACE C DAT 
IS; DER CURFATURE per UNIT volume) /S 
mdRe dan 10' 29 <sm/ cm 3 den space 

CLOSES UP ON ITSELF LIRE A SPHERE. 


Mr. Albert, tell me, n 
tOH/rrs the total curvature 

of a TORUS r 7 


' S/mple, Archibald. All yoic 
hap' to do is THINK OF it £]S 
UJAY: eight Post cones (0=190°) 
^AND EtqHT NEG)AcoNES ( 0 - - 90 °) 

(*) A theorem of Gauss 
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'* He sum of -the sixteen angles' 
5/XTEEW CUR.IATMRES — /s ZERO. 

So the Total cuKVATUtfG' 
of -me TotfUS is... ZERO] 


Ta, ta . 





I 1 r ; 4 ^ / ^ o J z 7 An nniNG, tot th 

Xl \p* ^ y I A 

\ 4 oj] HAS A TOTAL C.URVATURE 

^ I y eQiMi - TO 7a ° , D*r * 

\ 4 tT tfAp/ANS 

A 'fapus WITH N HOLES, A RDU^ASSeC*), 

WILL have a Total curvature oF -W(hJ-l). You lose 47 T FOR ^ HotE> 
And if YOU make an object DAT CLOSEfPPoN^X 

ITSELF U«E a POLYHEDRON, DEN WHEN YOU SUM \ 

ALL peR COMCFKi T RATED CURFATURES AT I>E£ , 


CORNERS, yoa G,ET DEfL TOTAL CuRFATUiee At^A/N. 




n i Rest as, >s 
OLD FRuiT j vVOT 

VER Doin|' f 


\ 

1 m TRyiua to 

E/ND mV TOTAL 
CURVATURE. 


C*') A FtOUGASSC' IS A SORT OF LOAF made iN 
The south of France ; cohere the author lives. 





FiRST ENCOUNTER WiTH 

A BLACK HOLE 


I ? 

\tfg. LU, lOELL - uJHAT 5 -THIS: 

A Cosmic Pi-u^HoLe? 






used My sficKy tape -ro 
D<?aia/ some Geodesics on -this 

IVEltfD SuRFACg. 


'BUs'.’l 

Yj 

tt-t 



.> v 



, • 

Ip- 

jo/ 


1 

r 

* 

) 1 


- 
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K^| 

Mm 


PL Af V/E 


^ if -TH£ ^EOPfcSlC PuiW^E5 
DEEP BtJOU^H iN'f'O "THE WJEO_ / 
•fHEM uJHefvy it coaxes ou_r a^ain 
it t w-reRsecrs itself. 


ryCf*^ 


PI ECE 


;/ Tf -rue geodesic cuts -this 
CIRCLE } -rye BouwOAPy of THE 

cyc.NDR.icAu p/fiaT of -rwe -tube, it 
NEVER con\65 out a ^ aim . 


^ Bin der I 


<qeODF 5 ICS CM A cyuiNDCR. 
ARe HEUXES. 



^ CALU -THIS BouNDARy THE HORIZON. 










Rules of the $ame ; you. must 
DRA tO UmES THAT cur 6 A CM 
At a FIXED AN^lE, WHILE 
maintaining con/sis-rewcy and 
COMT l WtUTy AT EACH BouWt>A#y 
CI^CL^r 0*6 <^eiD 5 To IN 

Up. The closer you. arpkoAoJ 
THE Black HolE, THe sTRoN$e£ 
ITS attraction) ujiu. seeM. 
LOiTH/n the HORIZON CIRCLE 

THE TRAJECTcfiy U)IU- Roll aP 
INTO A SPIRAL. NoTe THAT 
TH5 CENTRAL tuHlLH IS 


POLE' SHAPED £ AN) BE OBTAINED FROM A <^RiD oF <^eODE5ICS ON TH6 C/UNbEf?, 

1 viewed i n perspective- 



Does "THAT MEAN -THAT ALL THE DRAUin^s so FAR co£RES?oN/& -To 

-JliST ONE PARTICULAR. VALUE OF THE- INITIAL VELOCITY V c J 3 


r \v 


THE ABYSS 



'frtWK op A WORLD BU/LT 

LJKe AW OMoN, /n/ 

lavers. C*) 



'fo eAch layer THEKe corresponds a magnitude - \/ of th£ 
velocity. The faster Vote go, THE DEEPER Y^u $0. 



^ /A< THE speep of 
Li Cj H T, you. REACH -fHe 
All POLE Op -THE ONION. 


HIS MODEL HAS BEEN INTRODUCED IN EVER'/'TH ING IS f?EL#T|VE (SAME 
dries') Under. -THe name Cosmic Park. 




aF there are no forces, -then rue 

speed of 'rue object does n't change. So it 

sr/*ys on a SPHERE , allows rue s amt 

PI STANCE FROM THE- ceNJER OF TRE ONION. Tt 

folloujs a qeopestc, that is, a 

CIRCLE, ON -THIS SPHERE, 


<ms k > ^ne 


-TRlCX ' 



WH6N M*. ALBERT HIT IT *->1"^ 

His hammer ; this is WMAf happened. 
You cAtj see -that th& eppecr Qe-rs 
less nearer The center. 





Here is A "DENT tea. a “BUMP, IT make 5 no btFFeReHce ). The contour Levee s 
Ciohich are WOT (jeoDesics ? ) have Been dRAnn, auonq wi-th one 5 tutored 


<3eoj>esic . 




'THfir's A qoofy looking GAt>Ger( 




(*) MEMO:<ne SEG 

THAT IT /5 I MP05SI I 
^CdSMlC PAftje) IM <H 




*Jt> PRINCIPLE OP -THERMODYNAMICS s*ys 

LC -To FOLLOW THg qeooesics OF space-t/me 
RgVER$£ DIRECTION. 
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Since the pressure is greater than P €l 

THE. CHRONoL FLO LOS OUT AnP THE 

CHR0N0M€r&Z smjws the time 

THAT HAS PASSED. y 




m 




dce Pen. you. descend into th€ ^~"'- 
CHRONOL, THE MORE THE PRESSURE P € 
INCREASES . Since THE RATE OF Flo W IS 

PROPoR-TioNAL TO CP*-P e ), THE PRESSURE- 

DIFFERENCE y ■Ti/UE Flows Motfe scow Li 
^ AT CnRtHreA depths. 


THe DEPTH IS -fM€ speed. So ' 

THfe F4srep. you ^o, TUG slower 


T /ME PASSES 


. C*) 


And at -r>f€ speed of uc i HT ) P e 

IS EXACTU ECNAL To P R/ And T/W£ 
GRINDS TO A HALT. 





And yx,. canV travel Paster, than u$ht, because you. 
<^M ' T qo ANi DEEPER THAN THE CENTER OF CosMJC. VfiRK. 



(*)SeE EVERYTHING IS RELATIVE, same SERIFS 





M VER.V MASSIVE BODY PR6DUC£S a lAR^F AMOUN'T' OF CURVATURE 
SPAce"t/ME- "*HlS MgAMS -THAT ANy NEARBY OBJECT, EVEN OWE AT REST 
is immerscd itf CHRONOL at a higher pressure. So, for. it, time 

Flows Morte slowlY THAN it tOOUED FOR RR OBTECT AT REST / BuT 


I^AR FROM ANV AlASS. ^HI 5 SLOiv/A 15 Dou/N OF T//HE HftPPe NS, FoR. 
irvlSTAMc£, NEAR A suPEROBUSF OBJECT SucH AS A NElCTRObt STF\R, 
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COMMUNICATION 


U )£ Ll j H 6 RB U )6 ARe /ajs ioe 
Oun CHflONoSCAPHeS . hlouJ CAhJ toe 
COHMuNiCAre UJITH BACH orUexT 



By U.S/N5 PHOTONS. 


iHofous — T/wy QuflNfiri £s of 
U$H-r — 0 EHAV£ rus T U*e A 

SEAR.CHLI G,hT BEAM y 5 UJE.er/rJ(=) 

Across Acc -rue u\ yg*s of Cosmic 
Park at, a constant angular. 
veloc-i r y. 




STATE 



^pee-D Yb 


5 PC gl > v ? 


V & >V A 




Am object A, TfiAveu 

at a speed , CAM 
Trigger oFP o Me op -thcse 

\ 5 PARCHUG)HT bbams in 

\ the- directiom of am 
\ object B , moving at 


A SPEED Vd . 



is determ/a/ed B/ 

ITS FREQUENCY. 



RELATIVE To THE FLOlO'RA'TE' op TiME IN THE CHftoNoSCAPH£ OF TW& 

emitter or receiver. "In chrohoscaphe A, Archie sends ouT BLUE lksht. 

He HAPPENS To be IM ft «ee,iorvl OF SPACE -THAT 15 H/C,H LY CURVED- FOR SAMPLE - 
He WAV BE NEAR A Ne uTRoiY STAR. OF gNORMows MASS. 

SoPH/e, ,M CHROWoSCAPHf S, RECEIVE5 Trt(5 D<JHT. SHE /s A LO/V<5 
iclAy FROM THE StiPERDENSE OBJECT. So HeR Ting - FLOUS FflSTe/2, AND SW£ 
measures a ujtur*. frequency . To her, -the colo/R of ove- u^F'T' 

SBEMS TO HAVE SHIFTED TOWARDS /?^D 
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Amt IS ST4*DlN$ ON A Ngitf'ftOfsJ 5TA6. CK/e HAVE- 
Te^pOiefrRILV SUSPENDED -the EFFECTS OF iCftViry ON His BODY, S/Nce 
THftT LOOULp /w-STANTLY SPREAD HIM OUT FLftrrEfZ- thhn 

Pancake J) 




SECOND ENCOUNTER 
WiTH A BLACK HOLE 



^ RacxO u^ves A«E SfYilLA*. To u GHT WAVES. '1'HEV HAVE <He SAME SPEED 

op PK6PA€) ArfloN C ^ BUTT LOWER. FAEQueMCY. ^ 















A MATTER OF TIME 


peePeR. M#. Albert and Lbnnv s/nk into the chronol, the 
M oR£ the outside pressure P e increases, the sloljer. tHZ clepsydra 


RUNS OUT OF CHRONOL, PrND THE SLOUJER. Time FLoujS in THEIR CHRoNoSC APHE . 


3 . . UJhen thei GfFT bou)N to 

. ' BOTTOM OF THINGS, AT THB 

) - . — \ \\ s?eeo op light, their. u)*reR - clock 

. \r' W,*s lost onl y a uihuteP amount of 

V \ : f '■ CHRonol. , tOrti&H MEANS THAT THEY ReACH 

r\ W ' THC BoTTom IN P E 1£LL££ 'TllYIEi AcooR-DIIJg 

To THE T\rOE Plowing IN THEIR OloN CHROHQScAPHZ. 

K But if Sophie , Archiej Max, and 

H TiRESIAS COUL.J) CONTINUE <o TRACK THElR- 

PESCENT ) To THEM IT lOOtuD SEEM INTERMINABLE. THE LIGHT EMITTED By 
THZ CHR0NOSCAPH6 DOULD DROP PEEP INTO THE INFRARED, BEU)U> THE RANO) E OF VISIBLE 
L\GhT } cohile the Radio aaessagf dould solnp cotoeR amp loujur and 


SLOWER, and slolobR 


Sl; v * : v; t V * : i • ■ 

•;• Vr *. ;•> .• . 

*; -‘V - .taV . 



/^^f^REIAllVDS OF THe PAAADOX OF flcHlLLE5 And THe SNAIL. ACHILLES 

tries ro catch the snail , sy repeatedly halving Thf distance between 
THEM. Vou-'p think IT UJOULD GjO oM FOREVER, BLCf TNF STePS 


ADD UP TO A P/ M I T£~ t°Tal Ti/nE. 
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cUronoL; ioh o Do&Shi'r realize space- time i5 curved. 'To HIM) 'The 
PKOM-rtfETK. of the Slack hole - the EYErJT HORIZON - looks uks a 

CIRCLE' tuHicH is Reached AT -rHE speed of u£,ht. 
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REST STATE 





OH LOOK, THIS IS COHERE U)E 
CAME in — BACK AT CHRoNOSCAPHB #3, 


' cH HAsN ' r Moved. 




UTTL e EXCURSION abound the black 

hole has swwsd coujn ou* neeeesses. 

iF owe OF “ s FrtD srflvcp »r »bt « r«e r«/eD 

. ,A ^Avr hkB to wait hunpreps 

cURcNoscfiPtfe , He looked "* ver 

.ok /r^yae r viiluon * of vpaas fok ou« return ^ 


U3He«P DO BLACK HOLES 
LEAP TO T 


M)BODy KNOiOS. /AccoRD/f^q 
TO THE THEOR IST5, AN1Z' 

BLACK UOLZ could exist. 




SfrtAT WOULD Br A R 6 §I 0 M <HAt N 0 B 0 Dy s 
could ENTER. All you c^ulP do 
UJOULP 8 E Tfl COM& OUT OP IT. 




A fcOHir^ FbuHTAtN 




THE CoS MIC P4&K MODEL, here's f\ 
»vMy you could -join up A BLACK HOLE'/ 
COri/re FOUNTAIN PAtfi. 


'/^ 'fae UJtirfe Fountain /s 

exactly -the same , except that ns 
GfEovesics have theiiZ. 

\ ORIENTATION REVERSED. y 







But mot's h'Tnsive^ 

4 8 LACK ‘olE y ovER. THE 
Bunkin' ‘ORlZON? Ts 

it TUST fi load OF. , . 

N\A.FFm^ ? ^ 



you rOENN ThKT the 

/AJTe^loft or A BLACK Hole 
IS PURE NONEXISI'FNCZ r 


mm 



No,h.I 'The '-W*, 0 *- 0F THe ^ 

***** hole is tlst the exrERloR OF ITS 
Associated ljHite fountain. 


The alert reaper toiu. have noticed 
THAT IN This model the Black Hote / 

iKMrre Thump in pair ^, V es all the uhcks 
of Cosmic Va« tm^ sr#eacru^gr ^ A 

f^ONO* leNTABLE SufcFAce, wl*fri o/^Ly oNC SfDg" 
pASSAG,? THAouG«H -THr Hour SENDS oBTECTS 

into THElA MlKRAfl. IMAGES. For EXAMPLE, J 
R. COM 65 OUT AS fl / 




AS CLEAR AS MUD 

B\jJ T'HgKg' Ate OTHCR. TH66* IBS TOO . SoMe PeOPLB 'THINK 
Bw><-K ttoi£$ Pur m.s COI'H'ACT uH'TH A UNl\JtR sc,- 



'oZ peRHA PS with a 
MN ive*se u>«eRe ei/chtth/mg is 

^ (VMRP.OH- IMA^e Op Oils oMe 

/nclup/nC) 'Time. 
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